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Influence of Fines on Evaluating Liquefaction 
of Sand by CPT 
S.G.Zhou 
Research Associate, China Academy of Railway Sciences, Beijing, China 
SYNOP.-liS A method of evaluating liquefaction potential of sand by Jtatic Cone Penetration Test (CPT) 
was firstly devcloned basing on the field tests over Tangshan earthquake area and then confirmed by 
the test result in Haicheng earth~uake. However, it showed considerable deviations when the method 
was used over J,utai area. The author holds that this outcome is mainly due to the difference between 
the soil characteristics of I.utai and Tangshan, i,e. the former contains much more fine particles than 
the latter. Thus the method should be modified according to the fine particles content of the soil. 
A preliminary method of modification is herein presented. 
INTHODUCTION 
A widespread liquefaction was found after the 
Tangshan earthquake in 1976. Units attached to 
Ministry of railway had carried out extensive 
site comparison tests over the earthquake 
district and established a simple and useful CPT 
method for evaluating the liquefaction potential 
of sand. However, the sand layer in Tangshan 
district is a kind of "clean" sand, based on 
which the method thus developed is questionable 
to be applied to the silty sand containing much 
fine particles in Lutai. Basing on investigation 
and exploration of the silty sand layer in Lutai, 
a discussion is maae hereto in this paper and an 
approach is introduced for estimating the effect 
of fines content. 
EVALUATING MJ~THOJl OF I,IQUEFACTION POTEN'l'IAJ, Ql<' 
JAND BY CPT 
1. J?ield Tests 
Site investigation and exploration had been 
carried out in 1977-197R over part of the 
Tangshan earthquake district by China academy of 
Railway sciences ano the 3rd Railway exploration 
and Design Institute on liquefaction of sand. 
The capability of evaluting the liquefaction 
potential of sand by CPT and its practical 
procedure is one of the subjects of the research 
pro,ject. 
Sand boils and water ejection were extensively 
found over a broad area during the Tangshan 
earthquake. The sites selected for comparison 
test amount to more than one hundred places 
covering areas suffered and not suffered to sub-
sequent sand boils. These sites are at distances 
3.1 km to 105 km from the epicentre, scattering 
over zones of 7, B, 9, and 10 degrees in seismic 
intenBity. 
The liquefied sand layers of the test siten are 
167 
mainly medium sand, find sand, silt, and partly 
coarse sand, of which the median size d50=0.076-0,61mm, average 0.251mm, the uniformity coeffi-
cient U=1.5-6.5, average 2.38. The grain size 
distribution curve is shown in Fig.1. 
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The probe of strain gage type was used in the 
test, and its construction and overall dimen-
sions are shown in Fig.2. Penetration speed is 
reDtrained in the range of 1 - 1.5 m/min. 
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Fig. 2, Construction Diagram of Probe 
A total of 125 sets of effective data were 
obtained, among them, 94 were from liquefied 
sites and 31 from unliquefied sites, 
2, Analysis of Test Data and Results 
Tests data are statistically analysed by means 
of linear discrimination function, Assume the 
liquefaction potential of sand (L) is the linear 
function of the factors affecting the liquefac-
tion xi ( i = 1 ' 2' •.•• n)' then 
n 
L = F (X1 , x:2 , ••• Xn) = '2.:::bi'Xi 
- i=1 
( 1 ) 
where 'bi'• is the undetermined coefficient, 
There are five factors being under considera-
tion, namely: the epicentral distanceD (krn); 
G\VI. depth Hw (m); thickness of overburden 
unliquefied cohesive soil H0 (m); mean depth of 
the sand layer concerned H (m); and the calcu-
lated cone resistance Psca (kg/cm2), 
The observed variations of the values of these 
five factors are listed in Table 1, 
TABLE I. The Variations of the Statistical 
Factors 
Factor Unit Range Average 
Epicentral distance, D km :5.1-105 )9,8 
Calculated cone kg/cm2 34-423 107.1 resistance, Psca 
GWL depth, Hw m 0.2-6.8 2.25 
Thickness of overburden 0-10.6 2.91 layer, Ho m 
!-1ean depth of sand 1-15 4.95 layer, H m 
Through statistical analysis, a simple quasi-
linear discrimination function, yielding better 
effect of discrimination, is eventually 
obtained. 
1 = ln Psca + 0.0215 D + 0,0766 I~ 
+ 0.0645 H0 - 0,0017 H (2) 
By using Gauss' probability distribution func-
tion, one can find the boundary value giving 
equal discrimination probability of success for 
the two sets of event, which is here culled the 
critical value and denoted by Lcr· The out-
coming Lcr = 5.866 and its correHponding rate 
of successful discrimination is 80.9 %. 
For the sake of practical use, expression (2) 
is transformed and reduced: firstly, substi-
tuting I'cr into ( 2), then the formula for 
critical cone resistance is obtained, 
Pscr = exp ( Lcr - 0.0215 D - 0.0766 H1,. 
- 0,0645 H0 + 0,0017 H ) (3) 
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Let Pso denoting the corresponding critical cone 
resi3tance for llw = 2m, H0 = 2rn, and II = 3m, 
that is, 
Pso = exp(Lcr- 0.0215D - 0,277) ( 4) 
And also reducing the term:.> with H11 and H0 in 
expression (3) to linear function and neglecting 
the term with H (the minute effect is under-
stood), the expression (3) becomes 
Pscr = Ps 0 [1-0.065(Hw-2)] [1-0,05(Ilo-2)) (5) 
In expression (4), the value of Pso is dependent 
on Lcr and D, and the magnitude of Lcr is depen-
dent on the preferred standard of successful 
discrimination. The upper limit proposed in 
this paper, will give a value Lcr corresponding 
to a rate of discrimination of success Pr equal 
to 90 j'b. Dis determined from the practical 
isoseismic chart of the Tangshan earthquake. 
The proposed values P~10 calculated by above 
method are shown in Table 2, 
TABLE II. l'roposed Value Pso 
Intensity 7 8 9 10 
Pso (kg/cm2) 60-70 120-135 180-200 220-250 
For detail report see reference (Zhou, 1980). 
3. Preliminary Examination of the Method 
The proposed Cl'T method has been examined in 
Haicheng district by the 3rd i(ailway exploration 
and Design Institute and the Department of 
exploration and Design Affairs of Shenyang Hail-
way Administration in 9 selected sites, with 21 
borings, scattered over zones of 7, 8, and 9 
degrees in seismic intensity. The results 
judged by above method show a fairly good dis-
crimination but including 2 failures. 
ENGINI,:EIUNG GEOLOGY CONDITIONS AND LI~UI~l<'ACTION 
DUIUNG 1•:ARTIIQU AKis IN J,UT AI DUTIUCT 
Lutai is located at the southwest of Tane;shan 
and the ea,>t of China North Plain, being 48 km 
away from the epicentre. It is topographically 
a stretch of flat land with numerous river:.; and 
lake~1, and is generally 2-3 rn above sea level. 
The ground water level is 0.5-1 m below the 
ground surface. The upper layers are consisted 
of inland alluvial-diluvial cohesive soil, 
marine silty clay and silty sand. 
In fig.3, it is shown a E-W stratigraphic sec-
tion of the district. The covering strata can 
be classified according to their origins into 
four major layers: (1) the backfill ti); (2) the 
brown-coloured clayey deposit of recent a 
alluvial- diluvial origin (II); (3) interlayered 
marine silty clay and silty sand, dark grey in 
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Fig. 5. B-H ~-Jtratigraphy Section 
colour (III, IV, V, VI); (4) brown silty and 
fine sand of early alluvial-diLuvial origin. 
The intensity in Lutai during Tangshan earth-
quake in 1976 was e. Severe sand boils and 
water ejection had been occurred subsequentLy. 
The water ejection sustained quite a long time 
and ceased generally in 10 to 30 days after 
earthquake. The ejecta were silty sand, the 
grain size distribution curves of some of the 
samples are shown in Fig.4 {all ~he rest are 
within the limitations). 
}'ig. 4. l1article Grading Curve of the }]jecta 
It was judged according to the ejecta that liq-
uefactions did take place in the silty sand 
layers III-1 and v. 
The grain size distribution curve of layers 
III-1 and V ware shown in Fig. 5 and Fig. 6 
re~;pectively. It is obvious that they arc much 
alike to the sample3 of eruption. But samples 
of layer V have more fines content (less than 
0,005 mm) ranging from 10-18 % with an average 
of 14 ~. while in layer III-1 the corresponding 
fines content takes 7-B% as an average:. 
However, the contents of particle less than 
0,074mm for the three kinds of sarnple::J basically 
agree with each other, ranging 50-65 ~ at most 
cases. 
The layer III-1 appears a:J a lenticular deposit 
of 0.5-1 .om thick, it is positioned at a depth 
of about 6m below in the central and east part 
of Lutai. The layer V has a thickness around 
2.5m, being 10-11m deep and scattering all over 
the district. 
l''ig. 5. Grading Curve of ~lample8 of Layer III-1 
Fig. fi. Grading Curve of ";urnples of Layer V 
A macro-survey found that fairly severe erup-
tions arose all over the areas where the under-
lying layer III-1 exiz>t::J, except one site in the 
southeast of the district where only slight 
indications of effusion. Obviously, the layer 
II1-1 there had suffered a liquefaction during 
the earthquake. For areas 1vi thout the layer 
III-1 , only part of the sites had somewhat 
severe eruptions, while: in the mc,t part of the 
areas there was no sign of effusion, or only 
scattered ones if any. It indicates that lique-
faction may also occur in the layer V but under 
a certain condition, 
CPT T!~.lT till.iULT .J 
An 1 50 x 1 50 ( m) net of Cl'T explorations incl u-
ding some fifty test holes were carried out over 
the district. As the cone resistance of the 
thin layer III-1 showed much fluctuations due to 
interference of the overlying and underlain soft 
layers, and there were also severe liquefactions, 
so the results obtained from layers III-1 will 
not be discussed. The subsequent discusior is 
only focussed on the liquefaction of the layer 
v. 
The test results are classified into two groups 
for statistical analysis; the group (A), suf-
fered severe eruptions; and the group (B), not 
or slightly suffered eruptions. In Fig. 'f (a), 
it is show the frequency histogram of the calcu-
lated cone resistance of layer V, and in 










'l'he calculated average cone resistance Psca of 
group (A) is 37.3 kg/cm2 and that of group (B), 
42.9 kg/cm2, differed by 5.6 kg/cm2 each other. 
An examination on the distinguishability of 
these two groups gives t=8.56. Refering to the 
~3tudent 's Table for critical distribution value 
of to.oo 1=3.7, at a reliability of 0.1 %, it 
means a high distinctness existing between the 
two groups of data. It might show that, the 
different re;;ponse to earthquake of group A and 
B is closely related to the cone resistances and 
structure character of the soil. It tells the 
truth that the cone resistance is indeed one of 
the important indexes characteri7.ing the lique-
faction potential of a sandy soil. 
EVALUATION OF THE l,lQUt.;FACTION POT8N'l'IAL OF 
SILTY SAND IN 1~TAI 
For evaluating liquefaction potential of the 
silty sand in layer V, if take ~=1m, H0 =11m, 
and a median value of Ps 0 =127.5 kg/cm2 from 
Taibl II, and substitute all these values into 
expression (4), the critical cone resistance 
Pscr = 74.9 kg/cm2 , which is far beyond the 
calculated value 1'3 a of the ground. Basing on 
the discrimination gere, widespread sand boils 
and water ejection should occur during earth-
quake in layer V without exception. The main 
reason of the deviation of the discrimination is 
the author believes, the difference of the soil ' 
condition between Lutai and Tangshan. JUSt have 
a comparison of Fig. 1 with Fig. 6, it will be 
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seen that there are two distinct differences 
between the soil characters of the two districts: 
(a) the averar;e :oi7.e of the sand in I,uto.i is 
rather !:>muller, mostly 0.0(,4mm - 0.07flmm, while 
in Tangshan 0.076 - 0.61mn with an average of 
0.25mm; (b) the fines content of sand in Lutai 
is very high, the content of silt and clay with 
grain size less than 0.074mrn amount:J to 50-65 ~:~, 
and that less than 0.005mrn has an averaee of 
1~.8 %, while in Tangshan district the soil is 
so called clean sand. 
The 1ncrease of fines content in sand will lead 
to a great drop in cone resistance, and 
meanwhile increases Lhe cyclic shearing strength 
of the soil. 
Basing on a large amount of tests by static 
penetrometer with a frictional sleeve, Searle 
(1979) concluded a relation between the point 
resistance and the lateral surface friction in 
different soils, as in Fig. e. It indicates 
clearly that the point resistance is going up 
with ohe increasing of relative density of soil 
and coming dO\m with both the grain Si7.e turnine 
riner and the fines content increasing, this may 
be reduced to an expreusion 
L6) 
where 'q 0 ' is the point resistance of penetra-
meoer in kg/cm2, 'dso' the average grain size 
in mm, and 'Dr' the relative density in percent. 
Fig. 8. SDarle's lnterpretation Chart for 
Normal Soils 
For same relative density, the value q 0 of F.M. c. sand drops much as compared with that of 
clayey sandy silt. 
As for information of the iricrease in cyclic 
shearing strenght of sand layer with increase 
of fines content, that is rarely reported 
because it is hardly to have samples of same 
relative density with different fines contents. 
Ohashi Masamitsu (in Japanese, 1977) et al had 
made some Lab tests of cyclic shearing strength 
on undisturbed samples similar to Lutai sand, 
it is found that under the same apparent 
relative density (converted from SPT "N" value) 
the cyclic shearing strenght H1 (~<:/cr~, Nr,=20) 
increases with the increase of S, the content 
of particles less than 0.074mm, the relation of 
the increment of strenght,AR1 with S obtained 
is shown in Fig. 9, or expressed mathematically 
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Fig. 9. Relationship between R1 and S 
Hence, the cyclic shearing strenght of such 
sand, may be calculated as 
I 





where N is the number of blows in 0PT, ~v is 
the effective stress. 
I 
Applying equation ( 9), substituting t.H for n1 , 
one can get a corresponding value of t.N. 
Taking account of the following relation of Sl'T 
'N' with Ps of sand from layer V, Lutai 
district: 
N = 0.22 Ps (10) 
we have 
( 11 ) 
For the silty sand, layer V in Lutai district, 
rr~ = 1.3 kg/cm2, the average content of parti-
cles less than 0.074mm i:3 60 io, then from 
Fig. 9,6RL = 0.175. Substituting these values 
into expression (11), the corresponding 2 
correction for cone resistance f:,. Ps= "55. 8 kg/em 
Adding this value to the measured values, the 
calculated average cone resistance, P~ca of the 
groups (A) and (B) are corrected to be 73.1 and 
78.7 kg/cm2 respectively. Having them compared 
with the result Pscr (=74.9kg/cm2) obtained 
from expression (5), it shows that the sand in 
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the group (A) will be susceptible to liquefac-
tion, while those in the group (B), hardly to be 
liquefied. This account just coincides with the 
practical events. This discussion proves that 
the method based on the test data in Tangshan 
for evaluating liquefaction potential of sand 
might be also applicable for silty sand of 
higher fine;; content in I,utai, nevertheless, a 
specific correction would be required. The 
measured I'sca must be raised by a value Ps, the 
increment of cone resistance due to the higher 
fines content, before it is compared with the 
critical cone resistance Pscr from expression (5). 
It should be pointed out that the above method 
for evaluating liquefaction of sand by CPT 
taking account of the fines content is only a 
preliminary approach and should be improved by 
further tests and investit:ations. 
COHCLU,JION 
The method of evaluating liquefaction potential 
of sand by CPT, proposed in this paper as 
expressed in equation ( 5), is ''til] under ntudy 
and trial application. Though it had achieved 
satisfactory results in Tangshan and Baicheng 
districts, there arc still problems that need 
further studies, for example, how to apply this 
method to sandy layers with much fines content 
is an important one in question. 
i:lasing on the ~>i te investir;ation of licpwfaction 
and static penetration test on the :3il ty sand in 
Lutai, it is pointed out in this paper that the 
Psc~ should be appropriately modified before 
it lS used for evaluating the liquefaction 
potential of sandy soil with much finen content. 
The method preoentvd here is a modification 
based on the test result by Ohashi ~~samitsu et 
al, and it is a preliminary work, thoue;h it i~; 
adaptable to Lutai district. Furt~er improve-
ment demands accumulation of more data from 
Iabratory and field te:Jts. 
It is worthy to point out that the current 
methods for prcdictine sand liquefaction basing 
on N of :li"l' such as the ~oimplified methed by 
Seed (1971, 1975) nnd the method proposed in 
the "Induotrial and Domestic Building Code for 
Earthquake Resisting Ile:Jign" ( 1979), are appli-
cable only for clean sand, they are not appli-
cable for silty sand as those in Lutai unless it 
is modified. 
The author is heartedly indebted to Mr. Zhou 
Jing, Hesearch professor of China Academy of 
l{ail\·my Sciences, for his kind co!Jllnents and 
contributions in the completion of this paper. 
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